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Abstract 

Researchers and writers studying new production-consumption practices have envisioned 
the potential to reduce the environmental impact of mass production through personal 
fabrication and ‘distributed production’, but these ideas remain largely concepts and 
visions. Fab Labs are well placed to explore these new ways of doing things: promoting 
better socio-environmental practices that synergize with new economic opportunities. 
However, ideology and vision do not dictate action plans, and critics are voicing concern 
that the maker movement is not delivering on its potential. Given the strength of the Fab 
Lab ideology, the Fab Academy and the network itself, Fab Labs are (arguably) the best 
actor in the maker movement to communicate its impacts; generate new knowledge, 
practices and solutions; and ensure making has meaning. Achieving this requires reflection 
and critical discussion: do our everyday actions reflect our vision, values and ideology? 
Environmental sustainability is but one thread in the socio-technical fabric of Fab Labs, 
but it is an integral thread. This essay reports on the discourse in Fab Labs and 
demonstrates, through examples from everyday events observed and heard in Labs, that 
environmental issues embed themselves within other issues in the Lab and ideology is not 
so easily enacted. 

Keywords: environmental sustainability, distributed production, personal fabrication, 
ideology, environmental issues 



Introduction 

Increasing numbers of users have access to digital fabrication equipment via Fab Labs and 
makerspaces, which are mushrooming geographically. The technologies themselves, 
especially 3D printing, are widely espoused as disruptive technologies that will radically 
shift production and consumption patterns (Anderson, 2012; Marsh, 2012; Hamermesh, 
2014). 

Disruptive technologies combined with practices and values aligned with empowerment 
and peer learning means the Fab Lab model could well be a stepping stone to something 
new and different: more widespread implementations of distributed production, as an 
alternative to mass production. Many actors in the Fab Lab network and the ‘maker 
movement’ espouse personal fabrication as, in fact, a better alternative to mass 
consumption and consumerism. In Fab Labs the capacity to answer one’s own needs is 
emphasized as a benefit, as opposed to being reliant on large corporate technology 
providers or ‘satisficing’ through passive consumption. Other espoused benefits are the 
enhanced skills people acquire to build, disassemble and repair, and the potential to 
distribute production within local networks as opposed to long, transport-intensive and 
large-volume supply chains. These propositions have clear environmental implications, 
from lessened environmental impact resulting from production only according to need, to 
more eco-efficient use of materials and products combatting planned obsolescence, to 
reduced negative impacts from transport emissions. 




However little empirical research exists to confirm whether these benefits are coming to 
fruition or even on what actually happens in these forerunner makerspaces. The author’s 
current research indicates that even when Fab Lab actors commit to a certain ideology and 
vision, they experience challenges in enacting it (Kohtala, 2013; Kohtala and Bosque, 

2014; Kohtala, in review). Moreover, even the most expert makers in Fab Labs do not 
necessarily have competence in sustainability assessment; likewise, the most ecologically 
oriented makers are not necessarily engaged with emerging technologies in this rapidly 
changing socio-technical environment (Kohtala and Hyysalo, 2015). There are also 
unknown impacts of digital fabrication that remain unaddressed and have potential to 
cascade, should it become more mainstream (Drizo and Pegna, 2006; Huang et ah, 2013; 
Olson, 2013; De Decker, 2014; Short et ah, 2015). To a network of actors committed to the 
betterment of their communities of users, these conditions present challenges. 

This paper brings together key findings in several long-term studies in the author’s 
doctoral research that employed several methods (primarily ethnographic). The essay will 
summarize the current understanding of environmental issues in distributed production; 
summarize the discourses that espouse the sustainability benefits of distributed peer 
production; discuss the gap between discourse and practice as observed in several Fab 
Labs; and propose opportunities for environmentally responsible practices in Fab Labs as 
found in the author’s ethnographic research. The objective is to prompt discussion on 
positive future directions among the audience of this paper: the actors in Fab Labs 
themselves. 

Research on Distributed Production 

‘Distributed production’ as a term does not have a commonly endorsed definition, but it is 
often used as a synonym for ‘distributed manufacturing’ and connotes a re-configuration of 
user/consumer-producer relationships, the roles of intennediaries in the supply chain and 
production and consumption activities (i.e. ‘prosumption’ [Toffler, 1980; Xie et al., 2008; 
Ritzer and Jurgenson, 2010]). It carries potential to stretch to the ideological or visions of 
new ‘paradigms’ when speaking of alternatives and “opportunities for more socially 
beneficial and responsive production and consumption” (Kohtala, 2014, 2). This is the 
case, for instance, when actors analyse - or seek to stimulate - production modes and 
regional development as “distributed economies”: when “a selective share of production is 
distributed to regions where a diverse range of activities are organised in the form of small- 
scale, flexible units that are synergistically connected with each other and prioritise quality 
in their production”, “departing from the socio-economically and environmentally 
unsustainable dynamics associated with large-scale, centralised production units” 
(Johansson et al., 2005, 971). 

Research on the environmental hazards and opportunities in distributing production is only 
now emerging, given the dominance of mass production. In a review of 29 studies from 
diverse fields, which included research on sustainable mass customization as well as 
fabbing and making (see Figure 1), surprisingly few studies involved empirical data. Many 
articles remained conceptual and explorative, which indicates that, first, the phenomenon is 
new and evolving and, second, researchers appear uncertain how to even study the 
environmental benefits of distributing production in this way. 
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Figure 1: The scope of research on distributed material production (in gray). Source: 
Kohtala, 2014, 3. 

Part of the challenge lies in dealing with complexity and large system boundaries if one is 
comparing mass production to distributed production. Figure 2 illustrates the 
environmental issues in these new production modes, where most of the empirical research 
now being conducted tends to fall in the gray-shaded topical areas. (This research includes 
energy consumption studies on additive manufacturing processes, for instance. See 
Kohtala, 2014.) One can well argue for the need to better understand the issues, 
opportunities and threats, on the neglected right side of Figure 2, if only to confirm that 
e.g. Fab Labs are indeed moving in the right direction, but how would a researcher or 
research group embark on such a study? Hielscher and Smith (2014, 44) point out the 
limits to methods such as LCA (life cycle assessment) studies and argue that, “[generating 
insights into the contending narratives influential in digital fabrication developments ... 
might be a more fruitful line of inquiry. Studying the cultures of production and 
consumption cultivated in workshops and other sites of take up seem to be key, and 
therefore how technologies are valued and used”. Before discussing these contending 
narratives, how Fab Lab culture is enacted and how sustainability issues interweave among 
these narratives and practices, the following section will describe how the research 
community sees the future environmental sustainability of distributed production. 
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(+) POSITIVE IMPACTS LIKELY 
(-) NEGATIVE IMPACTS LIKELY 

(?) INDETERMINATE (UNSTUDIED OR BOTH POSITIVE AND NEGATIVE) 



Figure 2: Overview of the environmental issues in distributed production and personal 
fabrication. Source: Kohtala and Hyysalo, 2015, 335. 

The Environmental Sustainability of Distributed Production 

Based on the analysis of the literature (Kohtala, 2014), conceptualizations of distributed 
production can be summarized as depicted in Figure 3. Most research in the literature 
review examined activities in the bottom left corner, mass customization, with fewer 
studies examining personal fabrication (top left) (the small number-letter combinations 
represent the papers in the literature review). The remaining two quadrants were given 
working titles and could be regarded as possible future activity areas that may emerge and 
grow in future. 
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Figure 3: Flow distributed production can be conceptualized. Source: Kohtala, 2014, 8. 



The authors of the reviewed studies proposed environmental benefits to distributed 
production as depicted in Figure 4, but, as stated, many of these studies were conceptual 
and not based on empirical testing, model testing or case studies in real life practice (or this 
testing/data gathering was not explicated in the paper). An oft-repeated proposition was 
that users who fabricate their own products (or are involved in its design or production in 
some significant way) will keep and use the product longer, fonning a distinct attachment 
and experiencing a high level of product satisfaction that can combat our current 
‘throwaway society’ conditions. Another often-seen theme was the reduction of negative 
environmental impacts connected to transport emissions, as production would be done 
locally. 



KOHTALA | FAB1 1 | SOCIO-ENVIRONMENTAL SUSTAINABILITY IN FAB LABS 5 



exploit small 
and local 



bespoke fabrication: 

localized production 
and lower transport 
emissions, less 
product replacement 



personal fabrication: 

localized production, 
higher environmental 
impact per unit but 
overall lower volumes 
(than MP and MC) 



exploit 

scale 



ENVIRONMENTAL 

BENEFITS 



mass customization: 

less pre-consumer waste, 
greater potential for 
re-manufacturing, 
“eco-guiding” configurators 
for consumers 



mass fabrication: 

transformed supply 
chains, elimination of 
embodied energy of 



intermediaries 



redundant 



exploit 

modularization 



ensure quality for 

attachment, satisfaction ©XplOlt US6f7COnSUm6r input 



exploit learning 
opportunities 



Figure 4: Flow authors in the research literature see environmental sustainability 
opportunities in distributed production. Source: Kohtala, 2014, 8. 

This raises a number of obvious questions. How localized is personal fabrication, really? 
Are local sources of materials or equipment prioritized or is only the production process 
itself distributed and local? Are Fab Lab users truly learning how to build, assemble, 
repair, reassemble products, possibly keeping them and using them for a longer period, 
and/or answering their own needs, according to Fab Labs’ own ideology and the 
propositions presented here? Moreover the literature was less forthcoming on the potential 
environmental problems a distributed production paradigm can carry with it, and these 
issues remain blind spots in our understanding (Figure 5). The fact that several digital 
fabrication processes have u nkn own impacts on both human health and the environment is 
attracting attention (Huang et ah, 2013; Stephens et ah, 2013; Short et ah, 2015), and Fab 
Labs may need to consider more robustly how the issues scale to the level of personal 
fabrication. 
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Figure 5: Potential environmental issues in distributed production that were not (or little) 
covered in the examined research literature. Source: Kohtala, 2014, 12. 



On the positive side, Fab Labs provide benefits by being shared, open, peer-learning 
spaces, removing health, safety and emission problems away from the home or office and 
boosting the potential for eco-efficient use of shared equipment (Faludi et ah, 2015). Given 
the increasing critical attention paid to energy-hungry digital fabrication tools, Fab Labs 
could promote the energy-efficient aspect of shared use, but also pay closer attention to 
daily electricity consumption (encouraging better troubleshooting and problem prevention, 
combining jobs, powering down, explicitly choosing green energy sources, etc.). 

Fab Labs and makerspaces may also prove to be the ideal testing ground for solutions that 
are best distributed and localized rather than under centralized control. Low-tech energy 
technologies are the most obvious example (Hielscher and Smith, 2014, 44), while others 
could be explored and - in so doing - better documented for the benefit of both 
practitioner-makers and policymakers. The Michigan Tech Open Sustainability 
Technology research group is remarkably prolific with studies on solar energy (King et ah, 
2014) and plastic recycling (Krieger et ah, 2013; Hunt et al., 2015), and numerous other 
topics, in distributed manufacturing and fabrication. (Critics have questioned the quality 
and robustness of some of this group’s studies, but the group’s researchers consistently 
address topics implicating open source hardware, open design that is environmental 
sustainability oriented, appropriate technology development and peer-to-peer, distributed 
activities in a way many other university-based research groups do not.) Additionally, 
several actors (often practitioner-researchers) in personal fabrication are active in 
developing recycle hots for plastics (RecycleBots, FilaBots, etc.). 

Finally, the immense pool of valued, specific knowledge and competence in Fab Labs on 
fabrication processes, electronics, components, materials and what they can do has not 
gone unnoticed, as NGOs and civil activists probe the lessons fabbing and making provide 
on the potential to shift to more environmentally-led remanufacturing and circular 
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economy patterns and practices. The Ellen MacArthur Foundation events, the Future 
Makespaces for Redistributed Manufacturing project and Open Source Circular Economy 
Days are examples that have seen enthusiastic Fab Lab participation and contribution. This 
work is in progress and research findings and publications forthcoming. 

The Common Understanding and Visions of the Future 

Interestingly, but unsurprisingly, the same propositions on the environmental benefits of 
distributed production described above are also promoted by more mainstream writers who 
describe making and fabbing as the next revolution. Chris Anderson, for instance, wrote: 
“...as 3-D printers proliferate and are used for small-scale bespoke or custom-made 
manufacturing, they can provide a more sustainable way of making things. There are little 
or no transportation costs, because the product is made locally. There is little or no waste, 
because you use no more raw material than you need. And because the product is custom- 
made just for you, you’re more likely to value it and keep it longer. Personalized products 
are less disposable; you simply care about them more” (Anderson, 2012, 86). Jeremy 
Rifkin even claimed that, “The 3D printing movement is deeply committed to sustainable 
production. Emphasis is on durability and recyclability and using nonpolluting materials” 
(Rifkin, 2014). 

Why these visions pertain to Fab Labs is particularly because these books sit on the 
bookshelves in Fab Labs (as photographed by the author during fieldwork) and many of 
these authors are invited to speak at the annual FABx Symposiums; they therefore form 
part of the Fab Lab network’s own mythology building. According to Rifkin (2014), “[t]he 
Fab Lab is ‘the people’s R&D laboratory’ of the Third Industrial Revolution. It takes R&D 
and new innovations out of the elite laboratories of world-class universities and global 
companies and distributes it to neighborhoods and communities where it becomes a 
collaborative pursuit and a powerful expression of peer-to-peer lateral power at work.” 

This is a familiar description of the Fab Lab network, but also an expression of a utopian 
future vision, where “a local 3D printer can power [an] infofactory with green electricity 
harvested from renewable energy onsite or generated by local producer cooperatives.” In 
this future, “[t]he software instructions for printing objects are globally shared rather than 
privately held, yet the material feedstocks are locally available, making the technology 
universally applicable.” Moreover this future looks very different from the one we are 
living in today: “Fab Labs are the new high-tech arsenals where DIY hackers are anning 
themselves with the tools to eclipse the existing economic order.” (It should be duly noted 
and remembered throughout the discussion in this essay that the existing economic order is 
commonly espoused as undesired.) The environmental benefits of this new paradigm are 
obvious, from local material stocks to renewable energy, and they interweave and 
synergize with the socio-economic benefits. 

Even an anarchist writer like Kevin Carson (2010) promotes Fab Labs as one route to an 
“alternative economy” by citing a 2009 discussion in the Open Manufacturing Google 
group on the Indian examples Gershenfeld (2005) describes in FAB: where overheads, 
capital outlay and waste are low and there is “superior efficiency in using limited resources 
intensively” (Carson, 2010, 314; see 314-316 for a summary and extracts from the forum 
thread and/or Cravens, 2009). Indeed, the Fab Labs in the global South appear to be 
delivering what Fab Labs promise. But what of Labs in the North, in post-industrial 
economies and wealthy contexts, who do not in principle have the limited resource inputs 
from the outset? Are they too ensuring democratic access to the means of production, for 
the welfare of neighbourhoods and communities? Do they express any interest in using 
“limited resources intensively” or pay attention to their material inputs and outputs? 
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